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1 ????
???? 3G/4G?????????????????UWB (Ultra Wide Band)??
??????????????????????????????????????
????????????????FDTD(Finite-Di®erence Time-Domain)? [1][2]
???????????????????????FDTD??Maxwell?????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????????FDTD??????????????
?????????????????????????????????? [3]-[6]?
?????? FDTD?????? 2?????????????????????
??????????????????????????????????????
??????????????????????????????????????
4????????? FDTD(2,4)?????????? [7]-[10]??FDTD(2,4)??
??????????????????????????????????????
?????????????????????????????PC????????
FDTD(2,4)??????????????????????? [11]??FDTD(2,4)
??????????? FDTD??????? 3???????????????
??????????
????????PC????????????????????? FDTD(2,4)?
??????????????????????????????????????
???????????????????? SX-7 ???? FDTD(2,4)?????
?????????????????????????
2 FDTD?????????????????????
2.1 FDTD???????????????
???? FDTD??????????????????????????????
??????????????????????????????????????
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? 1: FDTD?????? UWB ???????????
? 1: ?? UWB ???????????????
analysis region L = 30.0 m, W = 2.7 m
concrete "rc = 4:0¡ j0:2
human body elliptical cylinder (1.0m £ 0.3 m) , "rh = 30:0¡ j1:5
UWB pulse ¿ = 0.16 ns (fmax=5.3 GHz, ¸0=0.06 m)
space increment ¢s ¢s = 0.001 m (¢s = ¸0=57 = ¸g=10)
time increment ¢t ¢t = 0.02 ns
total cells 30000£ 2700£ 6
required memory 3.89 Gbyte
? 1??????? (L = 30.0 m £ W = 2.7 m) ???? UWB???????
???????? 1????????????? 1???????????????
0.1m????????????????????? "rc ? "rc = 4:0 ¡ j0:2????
?????????????PEC: perfectly electrically conductor????????
????????Mur???????????????????????????
Tr ?? 5m???????? "rh = 30:0 ¡ j1:5???? (1.0m £ 0.3m) A?B? 2
??A?B?? 10m?????? C ???????? Tr ???? 1m??????
????? 0.16 ns ?????????????????????????????
?????? fmax ?-10 dB ???????????fmax = 5.29 GHz ?????
???????????530¸ £ 48¸ ????FDTD?????????? ¢s??
????? fmax = 5.29 GHz ????? "r = 30:0 ?????????? ¸g=10 ?
????? ¢s = 1 mm????????? ¢t ? CFL ??????¢t = 0:02 ns
?????????? 1????????????30000£ 2700£ 6 ???????
??????? 4 Gbyte ??????????PC 1????????????
? 2? UWB?????? 20 ns?60 ns?????????????? jEzj??
??? 2(a)?(b)???????????(c)???????????????? 2(b)?
(c)?????????????????? jEzj??????????????
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(a)
(b)
(c)
? 2: FDTD???????????? UWB??????????jEzj ????
??(a) 20 ns ?? (b) 60 ns ?? (c) 60 ns ???????
2.2 FDTD????????
?????FDTD??????????????????????????????
???????????????????????????
??? FDTD???????????????? (1)???????????? 2
???????????????????????¢x ? x ???????????
?????????
@F (i; j; k; t)
@x
=
Fn(i+ 12 ; j; k)¡ Fn(i¡ 12 ; j; k)
¢x
+O(¢x2) (1)
??? FDTD ??????? (1)? 2???????????????????
3
??????????????????????????????? [2]?????
?????????????????????????? (1)??????????
???????????? FDTD ????????? [7]??????? 4????
FDTD(2,4) ???? (2)???????????
@F (i; j; k; t)
@x
=
9
8
Fn(i+ 12 ; j; k)¡ Fn(i¡ 12 ; j; k)
¢x
¡ 1
24
Fn(i+ 32 ; j; k)¡ Fn(i¡ 32 ; j; k)
¢x
+O(¢x4) (2)
FDTD???? FDTD(2,4) ????????????? ? (3)?(4) ?????
?????????·
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????~k ??????????µ ? z ???????Á ? x ?????????
??~kx = ~k sin µ cosÁ?~ky = ~k sin µ sinÁ?~kz = ~k cos µ ??????
? 3 ?? (3)?(4)????????????????? ~k ??? (5)?????
FDTD???? FDTD(2,4)??????????????
eÁ = 2 ¼
µ
¸
~¸ ¡ 1
¶
(5)
? 3 ????????1???????????????????????????
????? ¢x = ¢y = ¢z?????? v¢t=¢s ? 0.3 ?????? µ = 90±?Á =
0± ?????????? 3 ???????????? FDTD(2,4)????? FDTD
?????????????????????????? 3???FDTD(2,4) ??
?????¢s ? ¸=10 ????????? FDTD ????? FDTD(2,4) ????
??????????????????¢s ? ¸=45 ??????????????
FDTD(2,4) ??? 90 ??????????????FDTD(2,4) ????? FDTD
????????????????????????????????
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conventional FDTD
FDTD(2,4)
? 3: FDTD??? FDTD(2,4)????????
2.3 ??????????????????
?? 4 ?? 3????????????????????????????????
? 4 ????????????????????? ?? ¸ ? 1/10 ????????
FDTD??? 1??????? 6± ???????????30¸ ?????? 167±
???????????????????????FDTD(2,4)??? 1?????
?? 0.3± ???????????30¸ ???????? 8.3± ??????????
????????
? 5???? FDTD?????????????????????? 5??FDTD
????FDTD(2,4)???????????????????????? f = 1 GHz
???????????????? ¢s = ¸=10?????? 30¸ ????????
?? Ez ????????????????????? [12]???????????
????????????????? 4 ????????????????????
????30¸ ????????? FDTD????????????????????
? 5 ???????????????????????????
3 ?? 4???FDTD??????????????????
3.1 FDTD(2,4)??????
? FDTD(2,4) ???????????????????????????????
?????????????????????????????????????
CPU???????????????????????????????????
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propagation distance 
conventional FDTD, ∆s=λ/10
conventional FDTD, ∆s=λ/20
FDTD(2,4), ∆s=λ/10
FDTD(2,4), ∆s=λ/20
? 4: FDTD??? (2,4)?????????????????????
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? 6: FDTD??????????????????????
? 2: FDTD???? FDTD(2,4)????????????
calculation [°op/(step ¢ cell)] communication [/step]
E H total E H total
conventional FDTD 75 21 96 2N2 2N2 4N2
FDTD(2,4) 102 48 150 6N2 6N2 12N2
????????????????? PC ???????? FDTD(2,4) ?????
????????
PC ???????????????????????????????????
?PC??????????????????????? 6 ??????N £N £N
?????? n ?? PC ??????????????????????????
yz ????? 1?????????FDTD ??????????? Ey?Ez ???
?? Hy?Hz ? 4N2 ????????????????FDTD(2,4) ??????
???? 6 ?????? PC ??? 12N2 ??????????????????
?????FDTD(2,4) ???????????? FDTD ????????????
3??????
? 2 ? FDTD???? FDTD(2,4)????????????????????
?????????? 1???? 1?????????????? °op/(step ¢ cell)
??????? (1)?(2)?????????????? FDTD(2,4) ?? FDTD ?
???? 1.6????????????????? 1??????????????
????????FDTD(2,4)?? FDTD????? 3??????? 2 ?????
7
? FDTD(2,4)???????????? FDTD????????????????
????????????????????????????????? 1/90 ??
?????????????????? 1/60 ?????????????????
??????????????????????????????????????
???
3.2 PC??????????????
?? 3????????? (CPU: Pentium 4 3.0 GHz ????: 1.5 Gbyte) 16 ??
??? PC??????? FDTD(2,4)????????????????????
???????100 Base-TX (NIC: RTL8139) ?????OS ????Linux (kernel
2.4.20-8) ?????PC ???????????????????????????
??????????? MPI (Message Passing Interface)?????? mpich-1.2.6
?????
? 7 ? PC??????????? FDTD???? FDTD(2,4)???????
????????? 7 ?????????????????? 160£ 160£ 160 ??
???????????????FDTD???? FDTD(2,4)??????????
???????????? ¢s????????? ¢t ?????? ¢s = 0.01 m?
¢t = 0.01 ns?????? 1000 ???? (10 ns) ????? 7???FDTD???
??? 8 ????FDTD(2,4)??? 4 ????????????????????
??????????????????????????????????????
????????FDTD(2,4)?? FDTD???? 3??????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
????????????????
? 3: ????
CPU, cache Pentium4 3.0GHz,
memory 1.5 GB
number of PCs 16
total memory 24 GB
NIC RealTek RTL8139 (100Mbps)
OS Linux (kernel 2.4.20-8)
message passing MPI (mpich-1.2.6)
compiler mpicc (gcc version 3.2.2)
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number of PCs
conventional FDTD
FDTD(2,4)
? 7: PC???????? FDTD???? FDTD(2,4)???????????
3.3 ?????????? SX-7????
?? 7?????????????? FDTD(2,4)?????PC????????
???????????????????????????????????????
????????????????????????? SX-7 ???? FDTD(2,4)
????????? 4?????????????????????????? SX-7
??? CPU ?? 240???? 1920 Gbyte??????????????? 16??
CPU??????CPU????????????????????? 128 Gbyte?
??????????PC????? CPU?? 16???? 24 Gbyte?100 Base-TX
??????????????????????????????????????
?????
??????????? PC???????? FDTD(2,4)??????????
???????????????? 160£ 160£ 160 ???????????? 5000
?????????????? 8????? 8 ???????????????? 16
? 4: ?????????????????????? PC???????
super computer SX-7 PC cluster (Pentium4 3.0 GHz £ 16)
number of CPU 16 16
main memory 128 Gbyte 24 Gbyte
parallelize auto (sxcc -Pauto ) Message Passing (MPI, mpich-1.2.6)
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? 8: ??????????? PC??????? FDTD ????????????
?? CPU????????????????? 8 ???FDTD?? FDTD(2,4)?
??????????????PC??????????????????????
????????? FDTD(2,4)??????????PC???????????
?????????? 340??????????????????????????
???? FDTD(2,4)???????????FDTD?? 1.53??????????
? 2???? 1??????????????? 1.56?????????????
??????????????????????????????????????
?????????
4 ???
??????FDTD(2,4)??????????????????????????
????????????? SX-7 ??????????????????????
??????? FDTD???????????????????????????
??????????????????????????????????????
??????????????????????? 4???? FDTD(2,4)????
???????????????? FDTD??????????????? 1/90?
???? 1/50?????????FDTD(2,4)????? PC??????????
??????????????????????????????????????
??????????????????????????????????????
????????????????
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